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PREDICTION OF THE EFFECTS OF PROPELLER OPERATION ON THE STATIC LONGITUDINAL
STABILITY OF SINGLE-ENGINE TRACTOR MONOPLANES WITH FLAPS RETRACTED

By JosegrE WEIL and WiLrraw C. SLEEMAN, Jr.

SUMMARY

The effects of propeller operation on the static longitudinal
stability of single-engine tractor monoplanes are analyzed,
and a simple method is presented for computing power-on
pitching-moment curres jfor flap-refracted flight conditions.
The methods erolred are based on the results of powered-model
wind-tunnel inrestigations of 28 model configurations. Cor-
relation curves are presented from which the effects of power on
the downwash orer the tail and the stabilizer effectiveness can
be rapidly predicted. The procedures dereloped enable pre-
diction of power-on longitudinal stability characteristics that
are generally in rvery good agreement with experiment.

INTRODUCTION

The prediction of the effects of propeller operation on the
static longitudinal stability and control characteristics of
single-engine tractor airplanes has been the object of many
investigations. Successful methods have been developed
for estimating the direct propeller forces and the effects of
slipstream on the wing-fuselage characteristics (references 1
to 4}. Attempts to predict the complex changes in flow
at the tail plane, however, have been somewhat less success-
ful, primarily because many of the early researchers were
hindered by insufficient experimental data for developing
methods of proved general applicability.

During the war years an apprecieble amount of experi-
mental data pertaining to power effects on static longi-
tudinal stability was obtained. An analysis of these data
suggested the possibilities of a semiempirical approach to
the problem of determining the effects of power on the tail
contribution to stability. This approach has been followed
in the present report and a simple, rapid method for deter-
mining the effects of power on the tail contribution is
presented. Use of the procedures developed permit the
accurate prediction of power-on longitudinal stability and
trim characteristics. No ansalysis has been made for the
flap-deflected condition.

SYMBOLS
e lift coefficient
Cn pitching-moment coefficient
tm,,  &verage section pitching-moment coefficient about
aerodynamic center for wing section immersed in
slipstream
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thrust coefficient (Thrust/e17LF)

thrust coefficient corresponding to power-off lift
coefficient

increment of thrust coefficient from power-off con-
dition to a specified power condition

airspeed, feet per second

air density, slugs per cubic foot

propeller disk area, square feet

area of wing or tail, square feet

span of wing or tail, feet

propeller-blade section chord, feet

propeller diameter, feet

propeller radius, feet

radius to any propeller blade element, feet

wing mean serodynamic chord, feet

wing root chord at plane of symmetry, feet

wing chord at break for wings having composite
plan forms, feet

wing chord at theoretical tip, feet

wing chord at spanwise station 0.50R or 0.75R from
airplane center line, feet

wing aspect ratio

wing taper ratio (e,/e, for wings having linear taper)

distance from reference center of gravity to thrust
line measured perpendicular to thrust line (posi-
tive when c.g. is ebove thrust line), feet

distance from reference center of gravity to propeller
center line measured parallel to thrust line, feet

distance from reference center of gravity to elevator
hinge line, feet

distance from elevator hinge line to thrust line
measured perpendicular to thrust line (positive
when elevator hinge line is above thrust line), feet

angle of attack, radians unless otherwise denoted
propeller blade angle, degrees

stabilizer setting with respect to thrust line (positive
when trailing edge is down), degrees

elevator setting with respect to chord line of stabilizer
(positive when trailing edge is down), degrees

effective angle of downwash at horizontal tail, degrees
increment of power-off downwash at horizontal tail
from zero lift downwash, degrees
power-off downwash angle at zero lift
399



Cyr,  derivative of propeller normal-force coeficient with
respect to angle of inclination of thrust line.in
radians -

Cy: Yo value of Cyr, for T,=0

S.F.F. abbreviation for propeller side-force factor

5 1.0 4
1592“ 02 bpsin (8—Bomr+25%d 2’1?)

f ratio of Cyr, to Oy Yo
Jo ratio of Cy-, for power-off value of 7. to Cy Y
F empirical taper-ratio factor

R, ratio of power-on stabilizer effectiveness (‘—Zg—)

¢/
to power-off stabilizer effectiveness <d;i%)
t/0

R, ratio of power-on elevator effectiveness (%")
e/ 7

to power-off elevator effectiveness (%%l‘)
L]

[

A change in a quantity due to power
Subscripts:

T thrust line

e elevator

t horizontal tail

P propeller

P power on

0 power off

w wing

wf wing-fuselage combination
1 immersed in slipstream

BASIS OF ANALYSIS

The method of computing power-on pitching moments,
which is outlined herein, is based on the assumption that
power-off (propeller-off or “windmilling) pitching-moment
and lift data are available for at least two stabilizer settings
and with the tail off. The accuracy with which the effects
of power omn the tail contribution to stability can be predicted
is dependent on the basic power-off data, and when possible
these data should be obtained from wind-tunnel tests.

When power-off wind-tunnel data are not available for .

use in preliminary design, the power-off characteristics may
be estimated by use of references 5 to 11. The wing mean
aerodynamic chord and aerodynamic center may be found
by the method presented in reference 5. The lift-curve
slope, angle of zero lift, and pitching-moment character-
istics of the wing may be computed by use of references 6
and 7. The effect of the fuselage on the wing-fuselage pitch-
ing moments may be determined by Multhopp’s method
(references 8 and 9). A satisfactory approximation of the
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horizontal-tail effectiveness cen be obtained when the
isolated horizontal-tail effectiveness found by the method
of reference 10 is multiplied by a factor of 0.9.

The variation of power-off downwash with angle of atlack
computed by use of the charts of reference 11 generally was
found to agree fairly well with the variation of effective down-
wash with angle of attack obtained from wind-tunnel dats
when the computed downwash was multiplied by a fucfor
of 0.9 far all conditions for averaging downwash across the
tail span instead of the factors obtained from figure 21 of
reference 11. The absolute angle of downwash computed
by use of the charts of reference 11 had to be adjusted, of
course, so that this angle would agree with the test down-
wash angle at zero lift. This adjustment was necessary
since an appreciable amount of effective downwash was found
to exist at zero lift chiefly as a direct result of local flow
angularity at the tail caused by the flow patiern over the
rear of the fuselage. This downwash is often difficult to
predict accurately. Neglecting the downwash at zero lift,
however, will not affect the basic longitudinal stability or
the estimated power effects but will alter only the trim
characteristics.

The experimental data upon which the results of this
report are based were obtained from wind-tunnel investiga-
tions of powered models of specific military airplanes. In
figure 1 two viewsof each modelareshown and in tableI the geo-
metrie characteristics of the configurations used are presented.
Most of the models were tested in the Langley 7- by 10-foot
tunnel at an effective Reynolds number of approximately
1.6x10%. The power-off data were obtained with the
propeller windmilling at & value of T,=~—0.015. Models
25 to 27 were tested in the Ames 7- by 10-foot tunnel at an
effective Reynolds number of approximately 2.0310%
The basic power-off data used for these latter models were
obtained with the propeller removed.

METHOD OF ANALYSIS

In the following discussion the individual component efficets
contributing to the over-all power-on static longitudinal
stability are treated separately and approximate formulas
are developed for estimating these effects.

EFFECT OF POWER ON THE WING-FUSELAGE CHARACTERISTICS

Direct propeller effects.—The increment of lift coefficient
contributed by the direct propeller thrust due to the inclina-
tion of the thrust line (the lift component of the normal force
which is usually small being neglected} is given by the
following equation:

AC,, =T, %%2 sin ap )
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FiGvRE 1.—Concluded.
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The increment of pitching-moment coefficient contributed
by the propeller as 2 direct result of the thrust and the
normal forces is given by the following equation, which was
developed from equation (5) of reference 1:

, o .
AO,,,,=§; 82 ATA-G~1)C0,, (ar—a,, gi)% @
where ay, is the absolute angle of attack (radians) of wing
from zero lift. Figures needed for use in equation (2) have
beenreproduced from reference 1 and arepresented as figures 2
to 5. The term f—f, obtained from figure 2, is the
difference in C’w‘,,/(l"y,‘b(l for power-on and power-off

conditions. It should be noted, however, that f,=0 when
power-off data are obtained with the propeller removed.
The term Oy,%, obtained from figures 3 and 4, is the

normal-force derivative; figures 3 (a) and 4 (a) are for low-
speed propellers having thick, cambered blades; figures 3 (b)
and 4 (b) are for high-speed propellers having thin, wide
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blades; plan-form curves of propellers on which figures 3
and 4 are based may be found in figure 4 of reference 1.
The term de/de, the upwash factor, is obtained from figure 5.

Slipstream effect on wing-fuselage characteristics.~-Tho
method most widely used for computing the increase in wing
lift due to the slipstream is given by Smelt and Davies in
reference 3. This method required several suceessive approx-
imations, however, to obtain final power-on lift cocfficients
when T, varies with C;. An approximate formula has been
developed which is shorter than that of reference 3 and which
requires only a single estimation to obtain the final value of
AC; ; thus an appreciable amount of computing time is
saved. This equation is given by

8C;,=0.57T,,Cy, 2 2" @®)

where ¢, is the wing chord at spanwise station 0.75R from
airplane center line for wings behind single rotating propellers
or 0.50R for wings behind dual rotating propellers.
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Fisvee 3.—Variation of Cr ’*. with blade angle.

Very close agreement is shown between the values given
by equation (3) and two approximations computed by the
method of reference 3. (See fig. 6.) Somewhat less agree-
ment is shown between the values given by equation (3)
and test data (fig. 7). The scatter shown can be attributed
to the idealized assumptions in the theory of reference 3 and
the experimental inaccuraey of the test data. The effect of
propeller tilt on AC;_ is small as shown by reference 12, the

data of model 24, and other unpublished data and may be
neglected for tilt angles up to at least 5°.

The effect of the slipstream on wing pitching moments is
small in some cases, but it may be relatively large in others.
This pitching-moment increment is obtained from equation (5)
of reference 2 and is given as follows:

. Cubucu 8 dCy
AOn=tm 3 S T (G2), ] 80 @

Cu

where

Cng, average section pitching-moment coefficient
about aerodynamic center for part of wing
immersed in slipstream

bu, span of wing immersed in slipstream (taken
as 0.9D)

€u, average chord of wing immersed in slipstream

[ S%-‘) rate of change of wing-fuselage pitching-moment
L/url  coefficient with lift coefficient (propeller off)

EFFECT OF POWER ON THE TAIL CONTRIBUTION TOZSTABILITY

Change in downwash angle dus to power.—The down-
wash at the tail plane with the propeller removed is known to
be chiefly dependent upon the wing lift coefficient and the
location of the tail with respect to the wing vortex system.
When a propeller is added in front of the wing, many complex
changes in flow occur which affect the downwash over the
tail; but the chief effect is probably caused by the altered
wing span load distribution brought about by the passage
of the propeller slipstream over the wing. Although appre-
ciable downwash may exist behind an isolated propeller at
an angle of attack, large changes in the inclination of the
thrust line (at constant wing angle of attack) were found
(reference 13) to cause practically no change in effective

propeller and the tail. With the foregoing discussion as a
basis the following simplified semiempirical approach was
used to derive a parameter with which to correlate experi-
mental downwash changes due to power.

Downwash angles were computed for several models for
which extensive constant thrust date were available. When
Ae was plotted against T, at various angles of attack, Ae was
found to be a function of both T, and «. This relationship
seemed logical for any wing span-load changes would also
depend on T, and «; however, ¢ was believed to be a more
significant factor than « for use in the correlation inasmuch
as ¢’ depends on tail location and usually varies linearly with
a up to fairly high lift coefficients. The assumption was
made that & tail well out of the power-off maximum down-
wash field would also be favorably located in the power-on
downwash field for configurations within the range of
geometry of the models presented.
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Model 17, which has an untapered wing, showed a con-
siderably larger increase in e with the application of power
than either model 13 or model 16, which had identical tail,
fuselage, and propeller geometry but rather highly tapered
wing plan forms. The power-off downwash angles were
considerably less for the model with the untapered plan
form, but the downwash for all three wing plan forms eould
be accurately computed from the charts of reference 11.
With power, however, the downwash angles for models 13,
16, and 17 were much closer to the same value.

According to lifting-line theory, the downwash behind a
wing of arbitrary plan form in a uniform gir stream (at a
given tail location and lift coefficient) depends only on the
span load distribution along the wing. Wing taper ratio
has a significant bearing on the span load distribution and
hence the downwash at the tail, the downwash increasing
with wing taper. It was assumed that the slipstream alters
the span load distribution of the wing in a manner such as
to increase the effective taper. From the experimental
results of models 13 and 17, it appeared that the wing of
rectangular plan form was more susceptible to induced taper
effects and showed the largest change of downwash angle
with power. The foregoing assumptions were based on

very limited data and further substantiation would be
desirable.

An empirical factor F (fig. 8) which is a function of wing
taper ratio was derived from the data of models 13, 16, 17,
and other models with similar tail geometry to account for
induced taper effects. The taper ratio for wings of composite
plan form may be satisfactorily estimated by use of an
equivalent root chord ¢/, &s shown in the following sketch

. . Ci
in which 7\=c—,:
r

T -
’

.

.

Area i=Area 27

8xE1cE A

A plot of the parameter (AT,)e'F against the experimental
Ae obtained from stabilizer and tail-off wind-tunnel data for
28 model configurations is shown in figure 9 (a). The dash-
line curves in the figure indicate the approximate accuracy
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of determining downwash angles from complete-model wind-
tunnel data. The correlation of test points indiecates that
the parameters selected account for the first-order eflcets of
power rather well. The solid-line curve indicates the sug-
gested curve for use in design and is reproduced in figure
9 (b) without experimental test data.

Note that figure 9 (b) indicates no change in Ae attribut-
able to the tilt of the propeller thrust axis. The data of
model 24 and other unpublished data show that changes in
Ae with tilt are small and rather inconsistent and the effeet
of tilt (at least for tilt angles up to 5°) can be satisfactorily
estimated from considerations of direct thrust effects and
changes in stabilizer effectiveness.

Change in stabilizer effectiveness with power.—The slip-
stream is considerably distorted in the region of the horizon-
tal tail, and idealized theoretical methods which assume &
cylindrical slipstream at the tail do not always produce a
satisfactory estimate of the change in dynamic pressure al
the tail associated with the application of power. As was
true for the downwash correlation, & semiempirical approach
was followed to derive a method for predicting the change in
stabilizer effectiveness with power,

The ratio of power-on to power-off stabilizer effectiveness
R, was assumed to be directly proportionsal to AT, and the
ratio of the propeller diameter to tail span. A maximum
value of R; was also assumed to be attained for the tail
located on the thrust line with a linear decline in R, occurring
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until & value of unity is reached for a tail location 1 propeller
diameter above or below the thrust line. Experimental
points were plotted against the parameters suggested by the
foregoing assumptions (fig. 10} and the following relationship
was obtained: — o

R=1.0+21 [(AT,) 1,2, (1—1%1)] 5)

The dash-line curves in figure 10 indicate the approximate
limits of accuracy of determining R, from wind-tunnel test
data, and essentielly all the test points fall within these
limits.

Change in elevator effectiveness with power.—Inasmuch
as most airplanes utilize the elevator for longitudinal control,

it is apparent that the increase in elevator effectiveness dg'
-4

with power will influence the determination of the final
power-on stability and trim characteristics of the airplane.
An analysis was made to determine the possibility of corre-
lating R, in & manner similar to the foregoing correlation
of R, The results of this analysis were less consistent than
the results obtained with the correlation of R,, probably for
the most part because of appreciable scale effects on some
of the model elevator data and the reduced accuracy possible
9247TTH— 81— 27

in setting the elevator-deflection angles. For full-span
elevators when estimated power-on elevator data are desired,
however, it may be assumed in most instances that R,=R..

COMPUTATION OF POWER-ON LIFT AND PITCHING-MOMENT
COEFFICIENTS

Power-on wing-fuselage lift coefficient.—The final power-
on wing-fuselage lift coefficient is given by

(CLBI) a (OLUI) ot (AOI‘P) s+ AOLI (6)

In order to arrive at & value of (OLM)F from equation (6),
the following procedure is recommended for conditions where
T, varies with C¢: The increment of the wing lift coefficient
due to power is first evaluated by equation (3). The second
approximation of the increment of lift coefficient contributed
by the propeller (ACy,), is obtained by computing & first
approximation (AO’I,P)1 by equation (1) with values of T
corresponding to (C. ), +AC:,; the second approximstion
is then obtained by use of equation (1) with values of 7.
corresponding to (G, ), 40, + (ACk,),. The second ap-
proximation will usually give a value of (Cy, ), such that
further approximation will be unnecessarv.
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F1eURR 12.—Concleded,

Power-on wing-fuselage pitching-moment coeficients.—
The final power-on wing-fuselage pitching-moment coefficient
is given by

(Omw)p= (Omwf) 0+A0’"P+AO"'w (7)

The terms AC,, and AC, are found from equations (2)
and (4), with values of T, based on (Cryy), 88 given by
equation (6).

Power-on tail pitching-moment coeficient.—The compu-
tation of the power-on tail pitching-moment coefficient merely
consists of adding the increments produced by the altered
downwash at the tail and increased tail effectiveness to
(Ca,)o; this coefficient is given by

(Cn)p=Ri(Ca)o— Ae [Rt %‘E)a] ®

Power-on complete-model pitching-moment and lift co-
efficients,.—The final power-on complete-model pitching-
moment coefficient is given by adding equation (7) and
equation (8) as follows:

0’“11= (Omwf)p-[' (0”':) 3 . (9)
Inasmuch as
Cn),
(OL‘)B":— (L/E:z (10)

location due to power, Ano, percent Cuw,

the final power-on complete-model lift coefficient is given by
adding equation (6) and equation (10) as follows:

0"‘»= (O"‘wf)p'l' (CLt)ﬂ (11)
ILLUSTRATIVE EXAMPLE

A detailed step-by-step procedure for computing power-on
lift coefficients and pitching-moment coeflicients for model
21 is presented in table II. The sample calculations in
table II illustrate the use of the equations presented in this
report and give the pertinent constants and column headings
in a convenient form for general application to design. The
data from which these estimations were made and the final

. computed power-on characteristics are presented in figures

11 and 12. Model 21 was chosen as an example because,
although the individual component effects of power were not
small, the design variables were such that the adverse
effects were counteracted by the favorable effects and thus a
very small over-all change in stability with power resulted.
Cealculations for models 13 and 15 were also made to show
that the change of power effects atiributable Lo raising the
horizontal tail and increasing its arca can be accurately pre-
dicted. The basic data and estimations of power eflcets for
these models are presented in figures 11, 13, and 14.

The computed results for all three models show very good
agreement with the test results.

DISCUSSION

The range of the most pertinent geometric variables for
the models used in this report are presented in table IIIL.
The correlation curves of figures 6, 9, and 10 are believed to
be valid at least between the limits given in table III. No
data on powered models with appreciable wing sweep were
available; consequently, the effect of sweep could not be
included in_the correlating parameters.

Wind-tunnel data on personal-type airplanes were not
available for use in the correlations, and the applicability of
the curves in figures 9 and 10 to this type of design is de-
pendent on a number of factors. Although the models used
in the present correlation represent highly powered fighter-
type airplanes, the correlation curves were found to be valid
for medium power conditions on the fighter-type airplane
models also. An estimate of the variation of T, with C, for
several typical single-engine personal-type airplanes showed
that the thrust coefficients for maximum rated power for
these airplanes fell in the range of thrust coeflicients for the
medium power conditions on the fighter-type airplanes.

The range of wing vertical positions relative to the slip-
stream and the ratio of the slipstream diameter to the wing
span might be expected to be considerably different for mili-
tary and personal-type airplanes, and these differences could
have a significant bearing on the magnitude of the power
effects.
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FicCRE 13.—Longitudinal characteristies of model 13.
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All models presented herein have a2 wing location that
placed the wing well within the slipstream. The increment
of wing lift due to the slipstream derived from the data of
reference 14 does not vary appreciably with wing height for
wing positions 0.3 propeller diameter above and below the
thrust line when the propeller is more than 0.3 root chord
ahead of the wing leading edge. The range of wing vertical
positions for the models presented herein is 0.165 and 0.176
propeller diameter above and below the thrust line, respec-
tively, and the propeliers are more than 0.3 root chord ahead
of the wing leading edge; thus the range falls within the
limits of wing and propeller locations where computed
values of AC,,, would be expected to be valid.

QGenerally, the diameter of the propeller relative to the
wing span is smealler for personal-type airplanes than for
fighter-type airplanes. Model 24 has o relative propeller
diameter approximately the same as for the personal-type
airplanes considered, but the other models used in the
correlations had larger relative propeller diameters. No
definite conclusions can be made regarding the effect of
relative propeller size because of insufficient data. In most
instances, the methods outlined in the present report should
be satisfactory for computing the first-order cffects of
propeller operation on personsl-type single-engine tractor

airplanes. '
OPTIMUM DESIGN CONSIDERATIONS

The design configuration usually considered optimum
when satisfactory handling qualities of airplanes are con-
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sidered is that which exhibits no change in longitudinal
stability characteristics upon the application of power.
Many design parameters affect the longitudinal stability
both adversely and favorably, and defining a definite
method by which to design an airplane with no power
effects is difficult. Often considerations other than acrody-
namic determine the final geometry of a design. In view
of this fact and the rapidity with which the power cffcels
of a specific configuration can be computed by the method
of the present report, each proposed design should be exam-
ined for power effects, and an optimum configuration
(minimum power effects) should be attained by a process of
rational modification to the original design.

LanaLEY AERONAUTICAL LABORATORY,
Natronar Apvisory CoMMITTEE FOr AERONAUTICS,
Laxarey Fievp, Va., July 13, 1948.
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TABLE I.—GEOMETRIC CHARACTERISTICS OF MODEL CONFIGURATIONS UBED IN CORRELATIONS

Wing ares, | Wing g Mm‘* ‘Wing root | Wing break Win‘% tip NACA alrfoll sections Wing Wing taper
Model | g, ?sq b 8 (gjm: Bord. ehoirézl, e chur&, s ch s A popeet, ratlo,
( ) s ( ‘Wing root ‘Wing break Wing tip 4
1 0.40 7.8 1.810 1.683 —— 0.842 68, 2-216 —— 66, 2-216 6.00 0. 500
2 6. 40 7.51 1.810 L688 ¢ .o 842 66, 2-218 ————— 66, 2-216 6.00 500
8 9.40 7.51 1.310 Less | ... 842 64, 2-216 ——— 66, 2-216 6.00 KD
4 8.40 7.51 1.810 1.683 .842 64, 2-216 68, 3-216 6.00 . 500
8 0.40 7.581 1.310 1.688 .842 66, 3-218 66, 2-216 8.00 .00
] 0.4 7.51 1.310 1.683 842 66, 2-216 06, 2-216 6.00 . 500
7 0.40 7.61 1.310 1.683 842 06, 2-216 2-216 6.00 - 500
8 0.40 7.51 310 1.6083 842 46,2-216 2-216 .00 . 500
9 0.40 7.5¢ 1.310 1. 688 .842 66, 2-216 66, 2-216 6.00 . 500
10 0.40 7.5 1,810 1.683 .842 68, 2-218 6. 2-216 0.00 . 500
11 9.28 7.14 1.352 1.750 875 23015, 5.50 . 500
12 10.19 7.50 1.428 1.638 .819 65(318)-118. & 68, 2-216 5. 52 .41
13 8.3 6.25 1.021 1.683 ) 11, 23008 6. 16 32
14 6.34 6.25 1.021 1668 404 23014.7 23008 6.16 .32
16 6.34 8.25 1.021 1. 693 494 23014.7 23008 6.10 .32
16 6.84 6.25 (9 L.e% . 23014. 7 23008 m{&?rox.) 8108 .32
17 6.34 6.25 .02 1.021 Lo 23016 6.1e 1.000
18 7.28 6.25 () 1.608 L 23014. 7 23000 538 &
19 5.18 & 061 . 968 1.481 378 64, 2-118 66(2x15)-116 6.86 278
20 9.76 7.10 1. 480 1.4931 23016, 23009 517 A4
(modiffed)
21 8.85 7.30 1.220 1.875 688 2416 4412 6.3 .41
22 0.4 7.458 1.360 1. 800 800 216 209 501 445
28 0.44 7. 458 1. 360 L 800 .800 2215 2200 X1 445
24 8,57 7. 50 L1908 1.542 LT 23018 23012 6.56 . 500
(modifted) {modifled)
b24a 8. 57 7.50 1,108 1. 542 c—— N 18 | e 8.56 . 500
(modified) (modified)
28 13.18 8438 . 1627 2004 | .. Lo47 G-serfes | 0 ___.. G-serfes 840 . 500
28 13.18 . 8.438 1627 204 | .. 1.047 Ssgetles | 2 ..o &-scries 540 . 500
27 18.76 8.0 1. 605 2,004 | . ———— N 5.87 «A69

* Pitching-moment coeficlents based on same §.» and model pivot location as for models 18, 14, 15, and 17.
+Model 24a {3 the same as model 24 except that the thrust line is tilted 8° down about & point 4.0 Inches aft of propeller disk,
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TABLE I.—GEOMETRIC CHARACTERISTICS OF MODEL CONFIGURATIONS USED IN CORRELATIONS—Concluded

Center of Center of
gra.vtt]vito gravity to Cenvt’{agyo{‘, Cwﬁ"ty“ Propeller  |[Number of] Propellerslde— Horizontal | Horizontal .%oagehgfggt
Model | propeller elevator R ool Tine, 2 ey | diameter, D pmpellar force factor, | taflarea, S¢ | tafl span, b: line, d,
eente&%l)ne, ip hlﬂs'? I{I)ne' It (5] (percent & u) () B.F.F. (sq 1t) 3] “f)

1 1. 527 2.629 -0.095 28.2 2270 3 8.2 1.436 2723 0. 433
DB | IR | B REE P B BB CE

i — .
4 1. 5827 3.578 —. 095 28.2 2270 3 %2 1.436 2728 .433
1] L3527 3.631 — 28.2 250 2 9.2 2.150 3.333 433
[ 1. 827 3.687 —. 085 2.2 2250 3 9.2 2. 968 3. 830 <433
(i | B | B BB I8 | BB | B
L - 0 2 2150 3.833 .433
¢ 15827 5.362 —.095 23.2 2270 3 08.2 2.988 3. 930 -433
10 1.527 361 —. 095 2.2 230 3 8.2 1826 2036 .43

11 1454 3. 508 —. 130 27.2 2175 3 70.3 216 3.083 —
13 1.454 3. 508 —.130 2.8 217§ 3 0.3 216 3.083 —.092

13 1.317 2.993 —. 035 220 1817 .3 823 1240 2220 .
14 1.817 2993 —.035 224 1817 L] §2.3 1. 456 2.839 230
15 1.317 2 903 _ 2.0 1.81% & 8.3 L 4355 2.830 750
16 1317 2988 - (=) L&17 .1 82.3 L 240 2.29 -350
17 L3817 2993 - 22.0 1.817 3 8.8 1240 2.29 - 250
1 135 25 iy oy 185 8 ge L oot Tom g

. 522 -_ 1L L L .

20 141 3. 443 —.083 24,64 87 3 9L.7 208 3.141 1}
21 1.620 3. 300 —. 103 2.6 2 035 4 65.8 1.80 X776 625
2 L87 3. 720 —.058 2.7 2.000 3 5.8 192 2 560 . TIO
23 1.37 3.720 - 2.7 2 000 3 75.8 1.02 2. 560 sl
24 1. 756 2 063 072 26.0 1625 4 214 302 .34t
b 248 L 766 2 063 003 25.0 1.625 4 214 a.021 116
25 2161 4.2 016 250 281 4 2.82 3.833 .365
26 2 213 420 016 25.0 237 4 2.82 8.333 .355
b1 23 427 006 7.4 2375 4 3.042 arz 328

* Pltching-moment coefficients based on same €, and model pivot location as for models 18, 14, 15, and 17,
¥ Model 24a Is the same as model 2¢ except that the thrust Hne is tilted 8° down about a point 4.0 Inches aft of propeller disk.

TABLE II.—COMPUTATION OF POWER-ON PITCHING-MOMENT AND LIFT COEFFICIENTS FOR MODEL 21

[ 5 Cus =—0.045 bu,=183211
g -1z 500 “Crey =0.135 Rae h Fm0.434
am f,’ L1208 TumL.220 0t € g=LT® Q(I_Id_d) =0.508
So—0969 £ 0,084 - e A
. .
'y 1
1]
T, =—0.0103 Fom0.988 Za=—018 Cup=1BT5 1 A= 41 F,—2708
@ @ @ ® @ ® @ @ @® 8 ® @ a @ [T} @ @ @
(Crur) (Crur) FaCe aCa | (lormal
er [ ar f(c T, ACE . AC; 41 e - AC C st | 0
(deg) |(radtang) (Crus)e < = | +acs, Te | (8CL,), +(aCL,), Te | (ACL)s| (Crup)s| T AT, ! %T’;gf Io(rac)e) ACu,
oo 020 | oos | ooose | 02284 [ cod2 | o 02234 0042 | o ezst | oos2 | o052 | Lowm |—oooaz | o —0.0043
2! .0849f .o72 | .oe3 | .ou7 | .3ssr | .o8r | .oo%0 .2566 R 0029 | .3%6 | .07 | .0958 | Lom2 | —.om L0003 [ —. 007
| ‘omes | - (10 | lozse | cmass [ o138 | .o0ss : c142 | looss | IEss2 [ o142 | 23 [ LI25 [ —oi2t | L00C8 [ —.0116
6 | ;1047 | .evo | (188 | .o485 | .75 [ .200 | 0203 - 7368 I BT a8 | :m83 | L2 [ —oir | -oois | —.0161
8 810 | .28 | o725 | skos | (284 | 0358 ~9181 173 Ci5 | .9200 | .58 | 2883 | L21 | —.028% | .eox | —.0207
10 | ;145 | (em | ‘22 | 103 | ros2 | .32 | .0sa2 11124 Ja57 0601 | L1163 | 3% | %08 | L2 | —r20 | lo0di | —o2%
12 Loso | ‘249 | .1ade | Lo wr | los20 13162 ‘a2 | Toser | rsoes | w5 | olasss | ram | —les J0058 | — 0812
| e §
N
. SH
e f
P S 2 )
o ~ & ~t
bl g 2, 3
. . - ¢ . Pl
L B - P ® e s | ¢ é s
& g Ak ] g E g g S
s | | § Tl or s | % Tl |
E | & 5 = a 5 2 & X T
S. =1 = = -] m .l:: @
-] - S~ - Ske - Sl - - < . ~
3 — @ - '{7,1 pay L_l ? — ™ [} Ol
= = x g =1 X ) x : o ! L [3 [y g
& = G & 2] 3 ® @ [ @ B Bkl Baka

€ Propeller of model 21 has blade plan form simflar to the Hamliton Standard 3155-8 propeller and fig. 8 (a) and 4 (a) are used in determining C'y-, - For a four-blade single-rotation
propeller, funz=18°, S.F.F.mB0.7; Crey =016l (fg. 3(=)). Since S.F.F.=658 for model 21, fig. 4 (a) is used to correct Crry . Ratioof S.F.F.of desired propeller (85.8) to Hamilton
Standsrd propeller is 0.838 (fig. £ (a)). For desired propeller, Cry -(0.161) (0.838) =0.135.
* Obtained from fig.  for propeller located 1.15c,madorc.{4andwmga.spect ratlo A =623,
¢ ap=ar-H0.0541 (angles in radtans).
92477
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TABLE 1I..~COMPUTATION OF POWER-ON PITCHING-MOMENT AND LIFT COEFFICIENTS FOR MODEL 21—Concluded

@ ® ® ® @® @ 8 ® ® ® @ ® ® @ e @ L] e @
[65).] -
ICL )} wtde] ACmy [{Cmur)e| (Comur)p| ¢ [(ATAEF| Ac B (7{7 . (Co)e | (Cm)a| Cmy | (Cri)y Czp | (Cmiyet (Cmg)y Coyp (CL')I ,
9
Q. 0808 —0.0013 | —0.057 | —0.0028 | 1.2 0.031¢ | 0. 10 0558 | ~0.0202 1 0.0840 | 0.0018 } 0.0202 [—0.0330 | 0.1805 [—0.0958 | —0.0080 { —0.1606 | 0.0362 | G. 2590
. 0889 ~—. 0023 — 042} —. 0610 | L@ L0013 ) .27 1 1.1038 ] —. 0228 . 0431 . 0544 L0025 | — (201 ) .3085  —. 1328 | —. 1398 | —.1017 L0817 1 43583
. (009 —.0020 | —. 020 — 0435 27 L2031 1 .87 11625 | —. (287 . 0062 0262 | —. 0178 § —. 0007 | 5485 | —. 1601 | —. 1741 -, N76 L0048 | L6108
.1049 — 0030 | —.012] —.0311) 3.4 .3066 | .94 | 1.2320 | —.0282} —.0200 | —. 0031 | —.0842 L0011 | 7387 | —. 1090 | ~.2120 | —. %437 L0788 | (8102
L1119 —. 0028 004 ] —.01902 ) 4.2 L5082 | L.43 ) L3076 | —.0283 | —.0635 | —. Q301 | —. 0493 L0111 | (9311 | — 2310 | — 2402 | — 2084 .0921 | 10121
L1200 -, 0010 022 —.0040 | 49 L8039 [ 202 L —. 0280 | — 0080 | —.05678 | ~. 0037 L0214 | L1377 | —. 2005 | —. 2885 | —. 293¢ L1067 | L2230
L1279 —. 0014 .040 L0102 | 5.4 ] 1.21456 | 2.61 | L4857 | —.02/2 | —. 1330 | —. 0022 | —. (0820 L0341 | 1,8574 | —. 2050 § —. 8320 | -—. 3227 L1231 | 1, 4464
= —
2|4 nl § 13 K
. e | 3 RS F | . i B
Y & 3 X ¥ 8 . &
8 @ b ~ = g X - 3 X -
g || I ALl I 1% e 12 1 R t
8 ta | B s | f | 8 | & s | % | & | & s
Eolan e TSN i ]
o : ug = . 5-—- @ 3 3.,. a .
o JEAFIE SRR IR AR 1EAE AR R AL I
£ | E St e [&) 3 LA - T AN i
¢ACn,
<Obtalned by subiracting wion — as found by formula (6) of reference 1 from tall-off propelier-windmilling pitching-moment slope;
Ly F
dCa) T [ (4C= - -
that 1, [(Té‘;_).f]. [(dCr_)uf]Mndm'lliu 0.0181.
TABLE III,—RANGE OF GEOMETRIC CHARACTERISTICS
OF MODELS INCLUDED IN CORRELATION
Range
Geometric parameter
From Te
Wing aspeet ratlo 5.17 (model 200 6.86 (model 19)
Wing taper ratic 0.275 (model 19} 1.00 (model 17)
D Lameter 0.217 (model 24) | 0354 (model 20)
Helght of toll shove thrust line —0.042 (model 11) | 0.413 (model 18)
%—— Ispan 0.322 (model 1) 0.523 (mode] 8}
Fean E:tuodmg 1:!:1ic Gord £.008 (model 1) 4.050 (mode] 9)
Helght of th;“rfpleﬁ:r“dm”‘fe‘:elfg xoot chord —0.176 (model 23) | 0.166 (model 22)
Distanoe of pmp"lllf;;hg‘frgf wing root chord 0.490 (model 13) | 0.906 (model 21)



